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ABSTRACT : PROBLEM TO BE SOLVED: To provide a D-luciferin analogue capable of being 

preserved for a long period even in a solution and to provide a reagent for analyzing 
luciferase activities and a reagent for analyzing ATP capable of being preserved for a long 
period even in a solution. 

SOLUTION: This D-luciferin analogue is represented by general formula (I) [concretely, 
e.g. (S)-2-(6-hydroxy-1-methylbenzimidazol-2-yl)-2-thiazoline-4- carboxylic acid]. The 
reagent for analyzing the luciferase activities and the reagent for analyzing the ATP 
contain the D-luciferin analogue represented by the general formula (I). 

COPYRIGHT: (C)2002,JPO 



mn*mmf up) 02) & Ife fft & $j[ (a) (ii)»tfaiB^w#^ 

&&82002-80476 
(P2002 -80476A) 
(43)&M B ¥f$.m 3 19 0 (2002. 3. 19) 



(51)IntCL 7 
C 0 7 D 403/04 
413/04 
417/04 



F I 

C0 7D 403/04 
413/04 
417/04 



4C06 3 



#an* mm. n*«©»3 ol <£i2H) 



(21)WIRS^ ftIB2000-264156(P2000-264156) 


ammx 


000138277 








(22)iHKB Wcl2*p 8 £31 3(2000.8.31) 




mKSFfftfflEDRtfffl 1T@11#4*| 








mmmmiTmmm^r) ^12^3^50 




WiWfi 2-2-18 




mmw% 


ST 


120*M*©*1J fcfc* 




^EJ»»ffiTU^«r3-15-41 






g®208 




(mm* 


m m 






jCS*^BK3ClfBaiTSllS4^ lie 












100090251 
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/i^7 x y vats*. MMzp&tfT'kjiJtflfc:fc#*rfg 

-flfeS ( I ) TiiSfi* D -yUv-7 x 'J 
^8titt [ftttWfcli* Witf . ( S ) - 2 - ( 6 - 1 
Kodf^-l-^f-yi^yX^ s/y-;l/-2--f;l') 

-n««^fflaaavATP^«fjffl«tt. wiiehr 

sc ( 1 ) T-li$fti>D-/i^7xi;y$i*£iirirt 
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immi] -m ( i ) : 

[fci] 




[x^. Y(i, -S-. -0-. X«-N ( R 2 ) -T 
*0 ; RWR^i, Wi-tttSfcifc. <y 
XtiiSi*HflRl~4«)T;^uai'C**] T 

i mm 2 ] 1 tea^D -/^7i >j 
[11**3 ] irancieiu^D-;i,x7x';y^ 
[ooon 

tfATPiMffJBtaSOJW*. *BWMUcJ3»t4 r fi- 
fth fcfcL tttWSM^#£^*£?'J£t& 

ajj t . ttmmim&&%mm*%&mfc%. 

[0002] 

x-hh)Vi/y x y— fe\ awc**^? x u y . mix 
trr/vVH'Jyig ( at P ) ikx/M g AJsvoy&fe. 

iz^mzizt tfmztinz bizx^x. w»£ 
tz. zwfetit. atp tfwmminx'h h tub , 
*\ ;Wv7x'j>. &tfMg4*y^i^£f»: 

U »^>7VI/^frie^5rJa^.T@;i)^Ri£ 

[0003] miKTvmmmm&b ixi*. $ 

W«ai»«3cJltt3& t »< , ftot. |5|t*C0ATP^SJ 
®Z\->X^lZttf%WZtifc. Zcr>£ot,z^ huISAT 

m&ztix^ititb. mzmsmixmi, m 



mmzmtitvomkmmtfb*) , am. c 
[ o o o 4 ] *&mi&mim& i . at/i^ 

7 x 9-4£*8igflEflfcSSJ|fc jBi . 'J 3 y h* 

■fy h/l^7 x 7— fe'^IHSif-rs d fc T^^Tgg b f £->X £ 

[ 0 0 0 5 ] §»t> o-1j<?>f8LftX'bh D -y^7 x 

>jy{±. H. (II) : 

[fc2] 

(McElroy) £>K i ot 1 9 5 7*FC¥ 
*7>f h (Wh i te) hlZl^X 196 1*. 

izffim&tmhixtz . w^BJttt . *;ybD-^ 
XT^ybimmmiztx'nbitib^t^ix. k 

!». 

[0006] 

us l < . mmmmommm t \ ^ awtJias ^ 
v\ ^7 xvymtmizi^xmm®. 

Wfft t . 3*»;i^7 x 'J y^F^-TI. 2 
*trv^. Wjfii J3toi/y7xyy»^ 

is^f xi4»«sfuta*fi^ tci» % t s c fc x o , 
js«f -c t ««8t«ff mxh & mwis 7x'j^s 

[0007] 
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Yli, -S-. -0-. Xli-N (R«) -T' 
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Bfl<i. hr& ( i ) x.» >mft&% 

[0008] 

[fBfl^BttW»«] MIS-JR^ ( I ) fcfcwt. ft* 
mm 1 -4*>7;Wf/U*fctt, SMtf T/l^/Ug&l/ 

xf-/Ug, n-rnt/PS. i-7PWH. n-7f- 
A**, s - 7^US. Xli t - 7*i\s&*miZ> 

[0009] *»«5Hc*JVvt Ji N MIB— JR^ ( I ) fctJ 

[001 0] *JMHteJ:«HIW ( I ) T***i*D- 
TttfrVW. mtU. HRjS (IV) : 

Hk4] 




(IV) 



■&®t. HRS (V) : 
/ 

CH 2 (V) 
I 

Y 
I 

H 

«) ttiwu ai^pHmpj jo^u 

[00 11] *»#O^Wfflt8B4. /Py7x7- fefco 

sfrcfc&HRS ( i ) ?mn&*micr>D-)\si/7 



[0012] wrnws? zy-emmmmm 
# (nu ftmttmx'Jb&)\sis7 x7—ezm< ) ^ 

( I ) ti^SW^D-^yyx'Jy 
8ttft£##t&. 7 i5-««wt & fiiieffcft 
RfEfctt* IH5t*4^y7i5- fcffc, ;^7x7- 
-t?<03Sfffc £6-jR5$ ( I ) -C&SftiD 

-^7i 'J y^&fti: . »*K«fc:ifiM8BrTf 7 is> 

E.0 >te ( AT P ) Rl/M g 4 jtVk.ti i 'j&WX"fo&. ft 

ot. *n»y7i5- tf«tt*fffflaaai, hr 

it ( I ) •C*Sii4D-;^7x 'J >1WWc«riJ«5r< i: 
i££U *IUa*Hc. fflitf, ATP&tf/XliMg 

[ 0 0 1 3 ] ifc, *m?»Ws 7 x 5~bfvStt#tffffl 

sua, ayftgffig [eutf. / y Hiatal (w* 

If, HEPESXJiTr i cine)] SrJgt^Wfl. 
IS^rHRst ( I ) X$kZti&D-)ir>>7x U y«iW*:5r 

ttzmxhmizmti z t mm?t> i . 

[0014] Wm<Ti)V]y7 x 7 — tfJStt^fffflieBfc: 

hrsj: ( i ) x'$kZtLiD-ii>i,7xoymmkiz 

ffllXlt. 0. lmmol/L-10mmol/Wl 
«T*5ifc3& t #iU<, ATPfcWLTti, 5mmo 
1/L~10 0mmo I / L <T)Wk%.X'h ZZttfmi 
< . Mg^^y(C^LT(i, 20mmo l/L-200 
mmo l/L<0«Urc**Ck*<jff4U\ 

[0015] *fsj»wi/^7x 5— ejstt^fflaeigfc 

fcv^ti, Witf. ftVffl&X'bhiV^ x7~ fe'S-^- 

H^JUS ) -C'^tBXIiai^-tS i 1 1 J: 0 . M&Iim 
[0016]^, *^AT P4MfffflWa8i. ^ 

7 x 7— tf I. ^3feRJEC^g^#a^ (ffl 
( I ) ■ca$fi4**^D-;H/7xyy«ttW*ci* 

( i ) x*mtihi>-)Vy7x u y^ft^^< t fe 
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wmiz. mm. >ws7xy—em/x 
[oo 1 7] at pmmmizkux a. m 

W^y7xy-^tlX. ^m.X'hm^>7xy- 

mzx m§hhhimm>vi/7 x. y-zm^z> z t 
mmmiwu^7xy— vtixit. mi 

^xw&%*£xnt>tLh)v^7 x.y~ \£ mm. *v 

3 -~? V&cniVi/ 7 1 y — tf ) *a»f 6 c t #-e£ £ . 

[oo 1 8] *«w^ATP^9fffliaai. Mie 
«r«wi[Wiif. mmn (mm. he pes 

XliT ricine)] £JCfc#jr*4 C t iT'# S. 

i. ftmzm^&WM£%feixm*izti>x'Z& 

ititimx-mi. zcr>££. Muzm^hzthv* 
h. *mnATPmmmmza^xit. mm*x*i> 
mk&mmz-m ( i ) x-m^tnu-^yx 
vyfflmzmtmx'. MwmMcotfLftmm 
t ttiim?i> mizm-th z t m&x- 

[0019] mm<?>ATPmmmizm&&m 
<r>m.\t. ztiizm%.ztiz>i>c7)X'i±%\,w. 
( i ) x'$kztihD-juis7 x'j ymmmzmixa. 

0. lmmo l/L—l Ommo \ /'LffMfeX'hhZ 
t1)W*L<. )Vis7xy~ fe'^LTti. 10-' 4 m 
ol/L-1 0- 8 mo 1 /LV>m&.X°#>hZkmiL 
<. Mg4*yl,ZffllXlt. 20mmo l/L-200 
mmo 1 /L<?>m®.X'hZ>Zbt>m±U\ 

[0020] *%m<nATpmmmki l zi5ux\&. m 
m. %mmx'hz atp atn+i ($>hw*. $ 
fttisimohz) mm®. $>z\,m. mmm%. 

mtz%.£tz>ztiz£*)4Ltz>m$:. mwwm 
mmm. x-mmxummtzztiz 
x*). mm*<7)ATPm*ftmz>zttfX'%&. 

[0021] 

[Utewu^T. mmmizj;~>x*mzMmmw 

ztibttmwvmzwfctibmi* 
w vcrommmtwi i - 1 o&. m i iz^tsm 
mu-yxmtti, iTFn&mmmMvm 
m£&^xM&M<vmmznmiK%mm$itmz. 
m i tzto^x&fcsmmm&zmztix^&m^ 
$mtz>. ttz. miwimtm2iz&^x. te 
^ r Bn j itKy^mmmi. &.T. mtz. ia^- 



§m r TB DMS j tete r t-^lVi/XI'lli/VH 
-?-LT, lE^- r NOEj \X^^— f f7—)^ J f— 

[0022] 

[UlSHJlfe^l ] {3-9UU-4--YU7 

( 1 ) <0£j£> <y h-M hRVffimk9*ffl!»frhm 

mitz9V4 7s.y ( 3. 5 g ) c^'x-T-^x-r/U 
(Et 2 0) ( 50mL) \,Z. m-^DD7i/ 

-/MlOOmg, 0. 778mmo 1 ) £1}Ut. 

T28l!HBH»PLfc. RjeaSrttfl^f-U^TiBRU 

U:. $£*ttEB£U 

*?y= 1 : 5 ) Ccfc 9»«U flOBfc&fe (69.0 
mg. 5 1%) $r?Mfe^ B B B fc LTftfc. »4>*Ufc8@E 
ft^«K0afl:¥Wfttt<4JaT^ t fc 0 T'$> !> . 
Si^: 12 2-1 24'C (X«ffi : 1 2 1-1 22°C) 
I (KBr) cm-' : 3325. 31 0 1, 1 59 
6, 1 508. 1433. 1 355, 1 245. 104 
1 

'H-NMR <CDC1 3 )$:6.83(1H, dd. 
J = 9, 3Hz) . 7. 01 ( 1 H, d, J = 3H 
z) , 7. 98 ( 1H, d, J = 9Hz) 
l3 C-NMR(DMSO-d 6 ) 5c : 114. 9, 1 
1 7. 7, 1 27. 9, 1 28. 6, 1 38. 6, 1 6 
2. 2 

EI -MS (m/z. %):173(M\100), 
143 (63) . 99 (51) 

lt»ffl (C 6 H 4 N0 3 C 1 fcLT) :C, 4 1. 52; 
H, 2. 3 2 ; N, 8. 07 ; C 1 . 20. 4 3 
HiM: C, 41. 53;H, 2. 44;N. 8. 0 
3 ; C 1 , 20. 34 
[0023] 

immmm2] a-o^r$y-4-^hD7 
x/-^ ( 2 ) <o^j«> neimidtMi Tiwufc3 

-?no-4-^ha7x/-/M2. 81 g, 16. 
2mmo 1 ) ZKyiSiUT^y (13. 3mL, 1 2 1 
mmo 1 ) 8 0«CT7HIBIIftfPLfc. Bffi 

MlZ5%tmZtUl. Pitx^-CtttBL^. 

^fll(2. 5 5g. 6 4%) SrSfettAfc Lr»Jt. # 

S.SUS: 1 9 5-1 9 8*C (»S?Xf-;W-^^y ) 
IR^ (KBr) cm" 1 : 3195, 1 627, 1 57 
8, 1 525, 1 395, 1 304. 1 1 75 
'H-NMR (CDC1 3 )5:4. 50(2H, d, J 
= 5Hz) , 6. 12 (1H, d, J = 2Hz), 6. 
16 (1H, dd, J = 9, 2Hz), 7. 30-7. 
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40 ( 5H. m) . 8. 1 6 ( 1 H. d, J = 9H 
z) . 8. 63 ( 1H, br s) 
13 C-NMR ( DMSO-d 6 ) 8c : 45. 8, 9 
7. 6, 106. 3, 1 24. 9. 1 26. 8, 1 2 

6. 9, 1 28. 5, 1 28. 9. 1 38. 2, 1 4 

7. 4, 164. 5 

E I -MS (m/z. %):244(M\41),9 
1 (100) 

ftKffl (C 13 H 12 N 2 0 3 iLT) :C, 63. 93; 

H, 4. 95;N, 11. 47 

mUM: C, 63. 82;H, 4. 9 5 ; N. 11. 3 

6 

[0024] 

x-^stK ( 3 ) as®.} mm$mfcm2?mmit; 

3-^>7S/-4--hn7xy-;P ( 1 . 5 
g, 6. 14mmo 1 ) aey^yftftK (lOmL) 
OTTCili*»» [ (AcO) 2 0] (869//L. 
9. 2 1mmo 1 ) £8TFU £»"C6 . StfBMtfL 

tz. mmzmmmi-vvv^mmMi. m 
Kx^TttJtiL. 5%hc mmns. 
mx-mttz. mm. mmzmm^i. mats 

* ( 1 . 73g, 98%) SffigghSIJ: l/Cftfc. %h 

m& :\\ 5-1 1 6-C (PKx^) 
IRMKBr) cm-':3382, 1 766, 1 62 
7, 1 575, 1 502. 1 252, 1 193 
1 H-NMR (CDC 1 3 ) S : 2. 28 (3H, s) , 
4. 50(2H, d, J = 5Hz), 6. 44 (1H. 
dd, J = 9, 2Hz), 6. 58(1H, d, J = 2 
Hz) , 7. 29-7. 41 (5H, m) , 8. 23 
(1H, d, J = 9Hz) , 8. 47 (1H, br 
s) 

l3 C-NMR (CDCls)*c:21. 3, 47. 
3. 106. 1. 109. 9, 127. 8. 128. 
6. 1 28. 9. 1 36. 6, 146. 3, 1 56. 
6, 168. 2 

EI-MS (m/z, %) : 286 (M\ 42) , 2 
26 (44), 1 05 (87), 91 ( 1 00) 

ft&fi (C ls H 14 N,0,kU) :C 62. 93; 
H, 4. 93 ; N, 9. 79 

US©: C, 62. 90;H, 4. 96; N, 9. 72 
[0025] 

7$S7x-m& (5) c7)£|» Pt0 2 (3 0m 
g) OX?7-;l/ (EtOH) -rh5h h'D75y 
(THF) (1 : l)*»(3mL) Sr. jftAftJEfcT 

**swn^2i*iasH¥u;. ta^m^tfe^y 3 -eiws 



Ltz 4 y j^>7 s / - 4 -x h o 7 x ->m wt ( 4 

OOmg, 1. 40mmo I ) ^EtOH-THF 
( 1 : 1 ) Mm ( 3mL) £»TU SSffEUT** 

£$E«W&U #A>tl^4-T$y-3-<y^T5 

;7x->i-w® (®iizt5^x$;4X-%ztiiik&to) 
[0026] 4-75y-3-^yv r /ur$y7x^ 

f y * J/ ( 5 m L) fcjgft? 1 . 0 •Ct' 
£*Btf£< 1 18wL, 1. 2 5mmo 1 ) 
Sa-C4«fiaHfltfLfc. R{E?S(C7K$:Sfl^, *»xf-rt/ 

•ettasu *Mtmm*xismuz. mm. mm 

<- (ifKx^/p : *.*yy= l : 4) fciOfimu 
flHBfl:^* (340mg, 82%) Sr&fefttt&J: IX 

*)xi>i. 

SJUS:17 0. 5-1 7 2'C Mx^/U) 
IRf (KBr) cm" 1 : 3256, 3038, 285 
8, 1755, 1653, 1 608. 1 520, 142 

8, 1 37 1, 1 303. 1 220. 1 1 64, 1 0 1 
4 

'H-NMR (DMSO-d 6 )<?:2. 05 (3H, 
s) , 2. 17 (3H. s) , 4. 29 (2H, d, J 
= 6Hz) , 5. 83 (1H. t, J = 6Hz) , 6. 
18 (1H, d, J=2Hz) , 6. 27 (1H, d 
d, J = 8, 2Hz) , 7. 07 (1H, d, J = 8H 
z) , 7. 1 9-7. 37 (5H, m) , 9. 18(1 
H. s) 

13C-NMR (DMSO-d 6 ) 5c : 20. 9, 2 
3.3.46.1.1 04. 0, 108. 2, 1 20. 

9, 126. 6, 1 26. 7, 1 28. 2, 1 39. 
4, 143. 6. 149. 0. 168. 7. 1 68. 9 
EI-MS (m/z, %) : 298 (M\ 97) , 2 
1 3 (60) , 197 (62) , 91 (1 00) 
jt$&jfc$T '■ 

mm. (C 17 H 18 N 2 0 3 fcL-C) :C 68. 44; 
H, 6. 08 ; N, 9. 39 

USHt: C, 6 8. 43;H, 6. 09;N, 9. 42 
[0027] 

immm5] <6 -7* h?^- 1-0-^-2 
SSCT4 -cNVi Uc 4 - r -t-w s / - 3 - vivr 

5/7xX;H^g? (248mg, 0. 831mmol) 

coKy-eym® (3 0mU tc, p - Nn^*y 

BUI*** (p-TsOH • H 2 0) (39. 5mg. 
0. 208mmo 1 ) SrjQi, TJ-y-Zf-7 ( D 
ean-Stark) J: 0 5 BP«liI?IL 

fc. RiE^HIft^kS^hU^ttM, at/ 
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* : ^W = 4 : 1 ) fcj D««U $f£ft£ft ( 2 
2 4 m g . 9 6%) m&iW&t LTttfc. ^ktUz 

130-1 3 2'C (X*/l#») 
IR t /(KBr)cm- 1 :3068,2948, 175 

7. 1 453, 1 37 1, 1 2 1 1 

1 H-NMFt (CDC 1 3 ) S : 2. 28 (3H, s), 
2.53 (3H, s) . 6. 96 ( 1H, dd, J = 

8, 2Hz) , 6. 99 ( 1 H. d. J=2Hz) , 
7. 01-7. 04 (2H, m), 7. 26-7. 33 
(3H. m) , 7. 68 ( 1H, d, J=8Hz) 

13 C - NMR (CDC1 3 ) 5c: 14. 0, 21. 
1. 47. 1, 1 02. 7, 1 16. 0, 1 1 9. 4, 
126. 1, 12 7. 9, 129. 0, 135. 4. 1 
40. 4, 146. 2, 1 52. 7, 1 69. 8, 
EI-MS(m/z,%) : 28 0 (M\ 4 7), 2 
38 ( 100) , 9 1 (97) 
S^Mr : 

ttJM (C 17 H 16 N 2 0 2 fcLT) : C. 72. 84 ; 
H, 5. 75 ; N, 9. 99 
^SSfi:C, 72. 68;H. 5. 82;N, 9. 98 
[0028] 

-Mr^vi/ivA 5 yv-iv ( 7 ) <r)^m m^i- h 
y >>a ( 1 . 4 4 g ) Rvmfami-h y vj* ( i . 6 
2g) mm® (i5mDic. memwmw 5 tin 

§?U:6-7-te h^- 1 2-^^U-^>- 
X-( S 7Y-;l/ (150mg, 0. 5 3 5mm o 1 ) <7) 
*?J-tl (Me OH) SI(9mL) £»TU M?S 

T-8 o mm ik. -)izm%m. ma> 

Mimt/mm^x-mi. ®mk. imms.% 
*u mMt-sm ( 1 1 omg, 8 6%) mmm 

<r>kh } ox'b&. 

m&: 2 5 6-2 6o-c 9 s-n-^mm 

\Ru (KBr) cm" 1 : 3038, 1 629, 148 

7. 1407, 1 245, 1 205, 1 138, 1 10 
6 

1 H-NMR (7-fehy-d 6 ) 8 : 2. 4 8 (3H, 
s) , 5. 38 (2H, s) , 6. 72 (1H, dd. 
J = 9, 2Hz), 6. 75-7. 37 (6H, m), 

8. 14 (1H, brs) 

13 C-NMR (DMSO-dj) 8 c : 1 3. 6, 4 
6.1,95.6,1 10.6,1 18.4,126. 
4, 1 27. 3, 1 28. 6, 1 35. 9, 1 37. 
0. 1 50. 0, 1 53.0 
EI-MS (m/z, %) : 238 (M\ 89) , 9 
1 (100) 



ttgffi (C 15 H !4 N 2 0t IT) : C. 7 5. 6 1; 

H, 5. 92 ; N. 1 1 . 76 

SSjWIrC. 7 5.43;H. 6.02:N, 11.7 

1 

[0029] 

[HH£ltffl7] O-Oi^-6- (tert-7 
^-/l^ 'J /M- * y ) - 2 -> y 5 

rv-/p ( 8 ) o^fiK> mmmmexwrnuz 1 

*V-;k ( 1 1 Omg, 0. 4 6 2mmo 1 ) WJ*!- 
;WWPA75H (DMF) <3mL) (I. -f$rV 
-;Kl08mg, 1. 59mmol)M'tert- 
7f*$/*f-A^y/I^D<JF ( TBDMSC 1 ) ( 1 
9 9mg, 1. 3 2mmo 1 ) SrJni. Sfflt* 9 0*19 

7A?07 -f - (If&Xf-A' : ^df ? 1 : 

2)£<fc9«§!!U ^IE^^(140mg. 86%) 

MjH: 90-9 2"C (X*;H*g?-A.4Mfy) 
IRMKBr)cm-':2953, 2858, 162 
3, 1476, 140 1, 1258, 1200, 1 13 
3 

•H-NMR ( C DC 1 3 ) 8 : 0. 12(6H, s), 
0. 95 (9H, s) , 2. 53 (3H, s) , 5. 2 

3 (2H, s ) , 6. 63 ( 1H, d. J = 2Hz) , 

6. 77(1H, dd, J = 9, 2Hz), 7. 04- 

7. 07(2H, m) , 7. 26-7. 33 (3H, 
m) , 7. 53 ( 1H, d, J = 8Hz) 
!3C-NMR (CDC 1 3 ) 8c : -4. 4, 14. 

0, 18. 3, 25. 7, 47. 2, 100. 4, 1 1 
5. 7, 1 1 9. 0, 1 26. 2, 1 27. 8, 1 2 

8. 8, 1 35. 6. 1 35. 7, 1 37. 0, 1 5 
0. 9, 151. 5 

EI-MS (m/z, %):352(M t , 100), 
295 (93), 9 1 (32) 

!t£« (C 21 H 28 N 2 OS i tUT) :C. 7 1. 5 

4 ; H, 8. 0 1 ; N, 7. 95 

HPJfi:C, 71. 79; H, 7. 95;N, 8. 01 
[0030] 

lMWmM8 ] < 1 -KVWV- 6 - ( t e r t -7" 
f-zIo^yl/S/ y ;M"* y ) OXJ S rV~^- 2 - 

y;u do) entity %mzm\ *m vr 

ntf/lTSy ( 1 . 0 3mL, 7. 37mmol)0 
n-7*^U^A-^^>^ ( 1. 5 0M, 4. 
9 1mL, 7. 3 7mmo 1 ) Lfc 'J f"7A>-' 

>fyroe;ursh* (lda) othf?§$ (iom 



(7) ($2 002-80476 (P2 0 0 2-8/A) 



D tc, is^T-7 8 e ct\ mimwrnmix-m 

mitzl-KVitll-b- (te rt-rf-^^f-iP 

(1. 05g, 2. 95mmo 1 ) <9THFj§iK (5m 
L) £«STU -7 8iCT2 54MHIffLfc. Kfc, S 
WK^K n-BuONO) (1. 77mL, 14. 
7mm o 1 ) JrJni. -7 8°CT'4 5^IHJHfLfc. fig 

fc. ttlttfc. U tlMifcsMfS'A* 

(Hlfc*JV^*9-e*?ii4fl:^ft) 

[0031] mittisJxtoi-ttiimtKyVy ( 3 

omD caws*. 1 54Haan«BiaLfc. wt*-* 

-;KS0C 1 2 ) (0. 269mL, 3. 69mmo 

*-c*r*, mxwmmi* *Mm&mx 

1 : 4) KJOffSIU fliEftgft (540mg, 50 
%) tmmikt LTflfc. 

93. 5-95'C (^Mfy) 
IRi/ (KBr) cm* 1 : 2953. 2858, 223 
5, 1 620, 1494, 1 402, 1 258, 1 20 
5. 1106 

•H-NMR (CDC 1 3 ) S : 0. 1 4 (6H, s ) , 
0. 95 (9H, s) , 5. 46 (2H. s) , 6. 6 
8(1H, d, J=2Hz) , 6. 92 (1H, dd, 
J = 9, 2Hz) . 7. 21-7. 40 (5H, m), 

7. 69 (1H, d, J = 9Hz) 
»3C-NMR (CDC 1 9 ) * : - 4. 4. 18. 3. 
25.7,49.2,100.7,1 1 1.4,1 1 
9. 5, 1 22. 2, 1 25. 7, 1 27. 1, 1 2 

8. 6, 1 29. 1 , 1 34. 0, 1 34. 8, 1 3 
7. 7, 155. 1 

EI-MS (m/z, %) : 363 (M + , 48) , 3 
06 ( 100) , 9 1 (72) 
TtMftVx : 

ftltfil (C 21 H 25 N 3 OS i i: LT ) : C, 69. 3 

8 ; H, 6. 93 ; N, 1 1 . 56 

Ha«:C, 69. 16 ; H, 6. 94 ; N, 1 1. 4 

9 

[0032] 

immm] 0-^^-6-tHpdfx^y 

5 2 h»;;K 1 1 ) o£j£> 
«fS?HSIW8 rplSU; l 6 - ( t e 

r t - 7*rt^* 'J /kt# >- ) K y%A S 77- 
;|/-2-^;l/rK-MJ;K2 0. Omg, 55. 0//m 
o I ) WTHFjSJK (3mL) fc, HF-NaF^«?g 
(PH5) (0. 2 3mL) S»C3 0jHBHI 



y=l : 3) iZXQmi* mUt£® (10. Om 

g. 73%) mm&&&tixftt:. fthtitzmm. 

MA: 2 5 2-25 3. 5"C U ^y-/l^-»»x^- 
/U) 

IRj/ (KBr) cm" 1 : 3040. 2234, 1 62 

4, 1495, 1459, 1408, 1 336, 1 22 
6 

1 H-NMR (CD 6 OD) 6:5. 55(2H, s), 
6. 84 ( 1H, d, J=2Hz) , 6. 95 ( 1H, 
dd, J = 9. 2Hz), 7. 25-7. 41 (5H, 
m) , 7. 58 ( 1 H, d, J = 9Hz ) 
13 C-NMR (CD 3 OD) 6 : 49. 3, 96. 5, 
1 1 2. 2, 1 1 6. 9, 1 22. 3.1 26.1,1 
28. 1. 1 29. A, 1 30. 0, 1 36. 3. 1 3 
6. 6, 1 37. 1, 1 58. 7 
E I -MS (m/z, %) : 24 9 (M*. 5 3) , 9 
1 (100) 

tHM (C.aHnNaOtbT) :C. 72. 28; 

H. 4. 4 5 ; N. 1 6. 86 

%M*:C. 71. 99; H. 4. 62 ;N, 16. 8 

5 

[0033] 

[HHggtffllO] < (S) -2- (1-0^-6 
-hh'odfv^yX'f S^/-;U-2-^;P) -2-f- 
TV'J y- 4 -a^-KvK (12) M^ST 

?\ mtepsnjfiw 9 x-mm iti 1 6 - 1 

Kndf^^X-f $77-/1— 2 -JitVX- Y V)V ( 1 
0. Omg, 40. lumo I) MfD-isZT^ytMi 
WMimm (35. 3mg, 0. 201mmol)(7) 
^^7-yKO. 7mL)-7jc(0. 35mL)ig^?§ 
IKIfcjrU^ (16. 6mg, 0. 120mm 

0 1 ) SriQA, m&X'SOftfflmWUz. lmol/L 
*RfcJ:9pH3aWKU ^^y-^«E9*L^ 

i#x?-/K1ttiaiLfc. W«UB*ftftA«*T«c 

xV>mfcX%m&fc&lfa(14. Omg, 9 9 

mmm nam tmx-hi. 

Mti: 13 2~13 5°C 

IRv (KBr) cm" 1 : 2934, 1 71 7, 1 60 
3, 1492, 1456, 1 395, 1 232, 1 14 

5, 1044 

1 H-NMR (7-fehy-d 6 ) 5:3. 6 1-3. 73 
(2H. m) , 5. 5 5 ( 1H, t, J = 9Hz) , 



(8) H2002-80476 (P2OO2-80xA) 



6. 04 (2H, d. J =4 Hz), 6. 87-6. 9 

0 (2H, m) , 7. 2 1 -7. 33 ( 5H. m) , 

7. 5 7 ( 1H, d, J = 9Hz)8. 68(1H, b 
rs) 

13 C-NMR (DMSO-d 6 )Sc:33. 2.4 
7.4,79.2,95.8,1 1 3. 9. 1 20. 
9. 1 27. 1 , 1 27. 3, 1 28. 4. 1 35. 

5, 1 36. 9, 1 37. 1 , 14 1. 8. 1 55. 

6, 1 62. 2, 1 7 1. 4 

[oo34] vxr^mmmmm 1 1— 1 7«. H2t 
coma. m2tz&»x4M&mmm&£m*iix 

[0035] 

immmmi 1 ] «6 - ( t e r t -r^i^^u 

i/VfriS**/) -2-*?-/l><yX4 s/y-;p ( 1 

4 ) <D$m ssmsiET. - 7 8*ct\ mwry^-r 

(»80mL) |C"*-MJ«7A (328mg. 14. 3m 
mo I ) mi. 5 4HSHWF Lfc . -7 8'CT, 

6-T-trhdfi/- i-<yv;i/-2-^^;^yxM 5 

rV-;M80 0mg, 2. 8 5mmo I ) ^i*TH 
Fjgifc ( 1 3m L) Ztnl. lfflNffltt:. mtT> 

1t, *«*«ES*L. f#4ft£6-t h'a*j/-2- 
^f;KyX^r/-;i, (H2(cb^T*l 3Tfl§ 

[00 36] 6-th'D^y-2->f;K>X^S^ 
V-JMfr*tf»aE£DMF (8mL) fcj&JKU >f 5^ 
/-*(971mg. 14. 3mmol)3ltfTBDM 
SCI (1. 2 9g, 8. 5 6mmo 1 ) fcjni., MS 
t'12^M#L^„ R*E»*X-?7p-C*RgL *£ 

IBfl^ft ( 6 7 9 m g . 9 1%) fcilfetfttfli: IX ft 

X'bh. 

■A: 148. 5-15 0. 5*C (IMxftf/) 
IR»/ (KBr) cm-> : 2 93 0, 2857, 172 

8, 1 628, 1458, 1408. 1 254, 1 16 
7 

1 H— NMR (CDC1 3 ) * : 0. 18 (6H, s), 
2. 6 1 (3H, s ) , 6. 76 ( 1H. dd. J = 

9, 2 Hz) . 6. 99 (1H. d, J = 2Hz) , 

7, 38 (1H, d, J = 9Hz) , 10. 24(1 
H, brs) 

13 C-NMR (CDC I3) 9c : —4. 3, 15. 
0, 18. 3. 2 5.8, 1 04.5, 1 14.8, 1 



1 5.8, 1 34. 0. 1 38. 5, 1 5 1. 0. 1 5 
1. 3 

EI -MS (m/z, %):262(M\42),2 
05(100) 

mm ■. 

ItKfi (C M H zt N,OS i tlX) :C. 64. 0 

8 ; H. 8. 45 ; N, 10. 67 

mm :C. 64. 08;H, 8. 40;N, 10. 6 

6 

[0037] 

IfflSmm 12] « 6 - ( t e r t --f+to*J*+fr 
i/Vfrttis) - 1 . 2-^f;K>X-f ^/-)V 

(15a)M5-(tert- U )V 
- 1 , 2- : sX+)VK>X4 *?V-)V ( 1 5 
b ) gSBRST. MJ ">-M 6 

0%. 68. 6mg, 1. 7 1mmo 1 ) Sr^-fry-C 

**thf ( lmD t'«iSL> mmmmm 

m 1 1 -CUR L£6-(tert - 7^1/ X 

/M"* is) -2-* *)VKyX-4 $ ?V-)V (300m 

g, 1. 1 4mmo 1 ) tf)&7j<THF?§?gt ( 1 . 5m 

l) int. mAxsommLt:. w:, awt* 

j-iU (Mel) (78. 3uL, 1. 26mmol)£ 

(279mg, 88%) &igfe#Hfcftk LTfcfc. 
fc. gfB^^Bl2ffl^^(i N yWf;W7A?07 
(?nn*;l/A :7-tby=10: 1 ) 

[0038] «6- (tert-Zf/^f/^y/P 
:t*^) - 1 , 2- i J**)V*>VXA 5^V-;P ( 1 5 
a) ) 

it&:14 1. 5~14 5'C (»»Xf-/P— N^y) 
IRi/ (KBr) cm-» : 34 6 6. 2934, 285 
9. 1626, 1476, 1400, 1 254. 1 20 
9. 1093 

1 H — NMR (CDCI3) d : 0. 20(6H. s), 
1. 01 (9H, s) , 2. 56 (3H. s) , 6. 7 
0(1H, d, J = 2Hz), 6. 75 (1H. dd, 
J = 9, 2Hz), 7. 49 (1H, d, J = 9Hz) 
13 C-NMR (CDC 1 3 ) dc:-4. 3, 13. 
9, 18. 3, 25. 8, 1 9.9,99.8.1 1 
5.2,1 18.9,1 36.2.1 37.2,1 5 
0.9,151.3 

EI-MS (m/z, %) : 276 (M\ 78) , 2 
19 (100) 

mm-. 

mm (C 16 H 24 N 2 OSi tlX) :C, 6 5. 1 
7 ; H, 8. 75 ; N, 1 0. 1 3 



(9) ffi2 002-80476 (P20 0 2-8+A) 



mm-.C, 6 5. 25:H, 8. 67; N, 10. 1 
0 

[0039] <5- ( t e r t-J+fVi/Ml^sViV 
-1 , 2 -^f;Ky^ $ry-;u ( l 5 

b) > 

ibS: 1 3o~i 3vc (mm^)i-^fy) 

IRMKBr) cm-':3428, 2932. 285 

8, 1622, 1 587, 1 5 14, 1481, 1 39 
7, 1 257, 1 1 62 

1 H-NMR (CDC 1 3 ) 6 : 0. 19(6H, s). 

0. 99 (9H. s) , 2. 56 (3H, s) , 3. 6 
8(3H, s). 6. 80(1H, d d . J = 9. 3H 
z) , 7. 09 (1H, d, J = 9Hz) , 7. 14 

( 1H, d, J = 3Hz) 

»3C-NMR (CDC 1 3 ) dc : -A. 4, 13. 

9. 18. 3, 25. 8, 29.9.1 08. 6. 10 
9. 1, 1 1 5. 7, 1 30. 9. 143. 0. 1 5 

1. 0. 15 2. 0 

E I -MS (m/z. %) : 276 (M\ 4 1). 2 
19(100) 

ft&e (C 15 H 24 N 2 OSi blX) :C, 65. 1 

7 ; H, 8. 75 : N, 10. 1 3 

mm-.C, 65. 25;H, 8. 67;N, 10. 1 

0 

[00401 

immW 13] f6-(tert- 71-)Wy* +)V 

i/Vivtti') - 1 -*^)v<*vxa s 2 - 

h ij/p- (17a) RV5- ( t e r t -Xf-^ 
S/'* f-^i/D/M-*^) - 1 -.x^/i^yx>f $*'V- 
iv- 2 -tf/Utfx h y/M l 7 b ) <o£j» %mzfc 

\\ i/4V7u\£)V7$> ( 25 luL. 1. 79mm 

o i ) wn-^+frv^jt-^irymw. d.5 

0M, 1. 19mL. 1. 7 9mmol)HI8[Lfc 
LDAOTHF?M(2. 4mL) MSmffiT. - 
7 8XX\ MeHHXIIMl 2TH»Lfc6- (ter 
t-7+frl?*+t\si/VAtf*5/) -1. 2-^^ 
^yX4 5^/-/Hfctf5 - ( t e r t * + 

iv i/ y ^ ) - 1 , 2 - y x>r $ y y- 

/KAfi&i&J ( 1 9 8mg, 0. 716mmol)OTH 
F«fit(l. 2mL)£?ri c U -7 8°CT'3 0#ISM 
tfLfc. Wrf;K429/tL, 3. 58m 
mo 1 ) -7 8XrC4 5aflBWfU:. mx& 

[0041] mm*i'^fc&'kmm*y-ey ( 2 

mL) fcjgfrU 1 5^MBHBjSflBtL3t. Jgfcf-tfxyp 



(65. 3mL, 0. 895mmol) fcSTFU 
i«MSLt. KSftcKLfctt. *£fln*.. BUS 

mass/an * nm*i'»#yiu*9J*?a'? 

h?77<- (fflgix+>],-^*yy= 1 : 1 0) tcj; 
OflMRU S£fc£*|17a (4 9. 9mg. 24%) 
tT. glC-ft-^J 1 7 b ( 4 6 . 8m g . 
2 3%) taWfilWUfci: LT»fc. f*4>*ifcPHHEfc 

[0042] «6- (tert-rf/^f^'J^ 
jf*^) - l -^f-zi^yx^ 5 W-iV- 2 
-h»J;Kl7a)> 

Sl£:109. 5-1 1 rC (6t#Xf-;t-^Mfy) 
I Rv (KBr) cm-i : 344 3. 2930. 285 

8, 2239, 1624. 1497. 1467, 1 39 
7, 1268 

» H-NMR (CDC1 3 )S:0.24(6H, s), 
1 . 02 (9H. s) , 3. 93 (3H, s ) , 6. 7 
9 ( 1H. d. J = 2Hz) , 6. 95 (1H, dd. 
J = 9, 2Hz). 7. 68(1H. d, J = 9Hz) 
13 C -NMR (CDCl 3 )<Sc:-4.3, 18. 

3. 25. 7, 31. 2. 99. 8, 1 1 1. 2. 1 1 

9. 3, 1 22. 0, 1 25. 9, 1 35. 6 1 37. 

4, 155. 1 

E I -MS (m/z. %) :287(M\ 29), 2 
30 (100) 

it&tit (C 15 H 21 N 3 OSi fcLT) :C, 62. 6 

8 ; H. 7. 36 ; N, 14. 6 2 

Hilffi :C. 62. 66;H, 7. 33;N, 14. 6 

6 

[0043] C5- (te rt-Xf-^y^f-^yyyU 

v) - 1 -Mr >K>X4 5 *Y-/P- 2 
- h y;K 1 7 b ) » 

17 0. 5-17 3. 5*C (BHSx-f/l'-MMf 

» 

I (KBr) cm" 1 : 3467, 293 1, 285 
9, 2237, 1622, 1486, 1 266, 1 16 
9 

1 H- NMR <CDC1 3 )S:0.22(6H, s), 
1 . 00 (9H, s ) , 3. 97 (3H, s ) , 7. 0 
6(1H, dd, J = 9, 2Hz), 7. 2 4 ( 1 H, 
d, J = 2Hz), 7. 28(1H, d, J = 9 H z ) 
13 C -NMR (CDCl 3 )Sc:-4.4, 18. 
3,25.7.31.5.110.2,110.3.1 
1 1.0. 1 2 1. 5, 126. 7, 1 29. 9, 14 
3. 1, 153. 2 

E I -MS (m/z, %) : 28 7 (M\ 73) . 2 
30 (100) 



(10) 32 0 0 2-80476 (P2002-8J A) 



if-gtt (C, s H n N 3 OS i tlx) :C, 62. 6 

8 ; H, 7. 36 ; N, 14. 62 

Hfflfi: C, 62.6 1; H , 7. 34 ; N. 14! 5 

8 

[0044] 

X4 5 yy-lV- 2 -*)VX- H'J;M18) <^jdt> 

mmmmmm 1 3 thh 6 - < t e r t - 

;l/-2-*^-h'J;K8. Omg, 27. 8jumo 
1 ) (TtTHFmm (0. 5mL) fc. P H5«7 7tt 
m-7viti-h 'J >> A$ ( 5 0 ju L) £ ft* . 
T'4. 5«*HStf Lfc. £tfcftR£rKU ME^ 
« (4. Omg, 8 3%) fcfcfelSJIfc l/OWr. fcfc 

2 5 7°C 

I Ri/ (KBr) cm-' : 3037, 2238, 1 62 
6, 1469, 1400, 1 240, 1 1 22 
>H-NMR(DMSO-d 6 )S:3. 88(3H, 
s ) , 6. 90-6. 93 ( 2H. m) . 7. 59(1 
H, d, J = l OHz) , 9. 95 ( 1 H, s) 
13 C-NMR (DMSO-d 6 ) dc : 31. 2, 9 
5.1,111.9,115.2,121.2,12 
4.8,1 35.5,1 35.9,1 56.7 
E I -MS (m/z, %) : 173 (M\ 1 00) 

tf*«<C 9 H 7 N 3 Oi:LT) :C, 62. 4 2 ; H. 
4. 07 ; N, 24. 27 

mWim : C , 62. 20;H, 4. 27;N, 23. 8 
8 

[0045] 

immmi5] as) -2- (6-t ko*v- 

1 - ^ 5 2 - -f ;U ) - 2 - f-r 

yy y-4 - #/M*y» ( 1 9 ) asBaarF 
T\ mSRHHItM 1 4 TWR Lfc 6 - 1 Y ^ - 1 
-*+)V*SsX4 $ W-fr- 2 h y/M 2 

0. Omg, 0. 115mmol)^D--/XN>' 
SIS^I*^ ( 1 0 lmg, 0. 57 5mmol)<D 

Ig^y^A (4 8. Omg, 0. 34 7mmo 1 ) £fln 
. SS-C' 2 . 5 tfBMIf Lfc . lmol /Umxzl 

^tn&aju:. Gm*ffla&&*ximi. mm. 

t>l8m&® (30. 3mg, 95%) 

Ht&: 17 7-1 7 9-C (#8?) 
[a] D 22 -6. 1" (c 1. 00, DMF) 
I Ru (KB r ) cm"' :3333. 1700, 159 



4, 1384. 1 228'H-NMR (r-thy-d 6 ) 
8 : 3. 59-3. 7 2 (2H, m) , 4. 13(3 
H, s). 5. 54 (1H. dd. J = 9. 5, 8. 6 
Hz) , 6. 88-6. 93 (2H, m) , 7. 54 
( 1H. dd, J = 8. 6. 0. 8Hz) , 8. 64 
(lH.br s) 

l3 C-NMR (7*-fch>—d 6 > dc : 3 1. 9. 3 
3. 3. 79. 2. 95. 1, 1 1 3. 7, 1 20. 

7. 1 35. 3. 1 37. 9,1 42.1,1 55. 
6. 162. 1, 171. 5 

7cS##r : 

tttWKC, 2 H,,N30 3 S- l/3*?/-/P>L 
X ) :C 51. 44 ; H, 4. 32 ; N, 14. 59 
mm-.C, 51. 55; H, 4. 27;N, 14. 4 
4 

[0046] 

[ %%mmm 1 1 01^ 7 x y y«$£fto££ttiit! 
m mmmmmmi 5 -caw l tz*mv> d-jw>? 

x'jyJSgfttAS (S) -2- (6-tKndr^-l 
- ^ f;K>X>( S r V-)V- 2-A)V) -2- +Tf 
'J y-4-^;U*>igS:5 0mmo l/L-Tr i c i 
ne-NaOHW(pH8. 5) T'l . 4mmo 1 

ISi&MSrflMU RJSSWi. 160mmo 1 /L 
-ATPRy'600mmo 1 /L-MgS0 4 ££tf 1 
mo l/L-Tr i c i ne/NaOHfI@$ (pH 

8 . 5 ) t mmmt i . znm&m 5 0u 
L*m.mmm&&9 e^r^-HzMcixmkifr 

j|^ttf|*gteiaM.5y^CT-9 0 0 0D-C 
fft\ S£S#!8?iS«$ [lmmo 1/L-EDTA, 1 
mmo l/L-2-^;^Thx^y-;P, 1 %4*f 
7*^7" 5 &tf5%?"y-fen-/t.££tf50mmo 1 
/L-HEPES$«£ ( P H7. 5)]TlWLfc/U 

y 7 x y-mm 5 0uL Ztot tdk?) l o fmnftft 

&*w%.iti. ttmmtix. *m&)D-fris7x. 
vyfflmxhh (s) -2- (6-tFn*^-i- 

^ *fVK>X4 S 2 - 4 ;W) - 2 — f-TVU 
y-4-#;M*:4Ktf)ftt>9fc. D-^>7i'jy(t 

[0047] &JH£*I 1 t^-T. a 1 fcaS1-«5tfl[«# 

ffiti. r^yh/l 0#j -efts. «ifc^«fc^ 

6 3%{z, 1 5 eat: 2 o%t. *n-mE*tt36*«T 

3Bftfcl0 1%, 15Bafc9 3%<^)SlEtt* 
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[0048] mi} 



3W& 



7 am 



1 5B1& 



^»y?x'jy 17171 10833 7766 3442 
4764 481 2 4984 4439 



[0049J 



CHI ] *f&B^D-;Ui/7xU v«iift?)£fifc[g|&£ 



[12] 



Bn 



T>#=, -78X:, 



13 



12*H (91%) 



TBDMSO 




Me 



14 



NaK Mel 



TBEMSO' 




N 

N Me 



LDA, n-BuONO 



2»*B (8896) 45 
15 [15a (1-lte) : 15b (3-*>)=fc1 : 1] 



TBDMSO' 




N 

N Me\. 



16 



17a 



N^OH 



HF-NaF mm 
(pH5) 

4.58*ffl (83%) 



1) S0CI 2 

mn 



2) ft* 



TBDMSO 



6.79ppm 
<d. J=2Hzf 



7.28ppn 
<d, J=9Bz> H 



TBDMSO 




17b (23%) 



H 



5 . S4ppm 
( <1H, dd, 
* J-9.5, 8.6Ha) 



Me M. 2.5BSRB Me 



18 



(95%) 



COjH 



3.59-3.72ppm 
<2H, m) 



19 
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[01] 



H0 -^A C1 Et20t ajg H0 A^ C1 M1C> 7 aR ^AvA^ 



28 BIB] (51%) 



(64%) 



NH 
I 

Bn 

2:R=H —i <AcO)20 

e<jv>, aa, 

3 : R=Ac J 6.5fi#(B (98%) 



Pt02, »z 



ElOH-THF, Sfl. 
8 818] 



ACO-^^NH 



Bn 



(Ao0)20 



4 WIS] (82%) 



XX 



NHAC 



p-TsOH-ffcO 
Bn 5 BIB] (96%) 



Bn 



Me N32C03. NaHCOa 

uboh, as, 
so an (86%) 



I 

Bn 



IDA, n-8u0N0 

THF, -781C. 
45 £W 



7:r=h 



~| TBDMSCI, < 5 #*J-JU, OF, 
8:R=TB0MS J Sfi. 90l»ra (86%) 



TBDMSO 



XXK 



I 

Bn 



N^OH 



S0CI 2 



1 B#KJ (50%) 



TBDMSO 



jCxv 



I 

Bn 



HF-NaF gffift 
CN (pH5) 

w. as, 

30 £151 (73%) 



10 



jCXV"- 



5.55ppm 
H (1H, t, J=9HZ) 



Bn 



K2CO3, MoOH-HzO. HO 
aS, 30£ffl (99%) 



rcveT™* 



11 



I 

Bn 
12 



3.81-3.73ppm 
(2H r m) 



F?-A(#:#) 4C063 AA01 BB01 CC26 CC52 CC62 
DD25 DD26 EE01 



